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Colorectal Cancer Genomic Profile

Colorectal cancer (CRC) is a heterogeneous disease caused by multistep genetic alterations under the
influence of genomic instability:

« chromosomal instability, microsatellite instability, hypermutated-single nucleotide variants,
» Genome stable-induced transformation in the colonic epithelium result in evolving process to
metastatic tumors

Identifying molecular subtypes , genetic alterations driving CRC oncogenesis help establishing
Biomarker -Guided Therapy

Guidelines recommend testing metastatic CRC for MMR.. / Full genomic Profiling using NGS as
stanaard initial work up

Validated and sensitive ctDNA assays can be used to genotype advanced cancers and select patients
for targeted therapies.

Initial genotyping with ctDNA assays should be considered when rapid results are needed, and tissue
Is unavailable.



Genomic Profiling of CRC
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Colorectal Cancer Genomic Protocol
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Consensus Molecular Subtyping in CRC
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CLINICAL WORKUPI
PRESENTATION?®

+ Colonoscopy
+ CIAIP CT?
+ CBC, chemistry profile, CEA
0 » Molecular testing, including"™:
» RAS and BRAF mutations; HER2 amplifications; MMR or MSI status (if not PMMRIMSS ——» COL-5
previously done)

» Testing should be conducted as part of broad molecular profiling, which would
—>| identify rare and actionable mutations and fusions such as POLE/POLD1, RET,
and NTRK.

+ Biopsy, if clinically indicated dMMR/MSI-H or
}—» COL-14

Suspected or
proven metastatic
adenocarcinoma

» Consider FDG-PET/CT scan (skull base to mid-thigh) if potentially surgically POLE/POLD1
curable M1 disease in selected cases” mutation
» Consider MRI of liver for liver metastases that are potentially resectable®
 If potentially resectable, then multidisciplinary team evaluation, including a
surgeon experienced in the resection of hepatobiliary or lung metastases




Jan 2009 NCCN

* Limited KRAS
(eodons 12 and
13) testing
recommended
for all pts with
mOCRC

March 2010 NCCN

= BRAF testing
can be
considered for
KRAS wi
mCRC

Aug 2074 NCCN

= All pts with mCRC should be
tested for RAS (KRAS and NRAS)
mutations

* |nsufficient data to recommend
ERAF testing

* MSI or IHC should be considered
for all pts with CRC <70 years or
those meeting Bethesda guidelines|

Nov 2015 NCCN

= All pts with mCRC
should be tested for
RAS (KRAS and NRAS)
and BRAF mutations

+ M35l testing is
recommended for
all pts with mCRC

Jan 2018 NCCN

* MSI testing may be
done as part of a
validated NGS panel

+ Anti-EGFR + BRAF
inhibitor combination
therapy option added
fer BRAF VG00E + mCRC

Feb 2009 ASCO

= All patients with
mCRC who are
candidates for anti-
EGFR antibody
therapy should have
KRAS testing

Mov 2011 NCCN

Oct 2015 ASCO

Nov 2016 NCCN

* Testing for MMR
proteins should be
considered for all pts
< B0 years and stage Il
considering FU

+ Stage Il MSI-H CRC may
not benefit from FU

= Anti-EGFR should only be
considered in RAS wt pts
after extended RAS testing
KRAS and WRAS exons 2
leodons 12 and 13), 3
leodons 59 and 61), and 4
lcodons 117 and 146)

* MMR or MSI
testing
recommended
for all patients
with colan or
rectal cancer

May 2019 NCCN

* Trastuzumab and
pertuzumab therapy
option added for ERBB2
(HER2) amplified and
RAS wt colon cancer

 NTRK gene fusion
testing is recommended

FIG 1. Evolution of guidelines for molecular testing in metastatic colorectal cancer (mCRC). FU, fluorouracil; IHC, immunohistochemistry; MMR, mismatch
repair; MSI, microsatellite instability; MSI-H, microsatellite instability high; NCCN, National Comprehensive Cancer Network; NGS, next-generation se-

quencing; pts, patients; wt, wild type.




Colorectal Cancer Tissue Testing
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Tumor-Informed Versus Plasma-Only
Liquid
Biopsy Assay

Candidate Gene
qPCR
Digital PCR (i.e.
Beaming/ddPCR)

Tumour informed

\[CN
Targeted gene panels
Plasma-only Whole exome
Whole Genome
Methylome



Comprehensive Molecular Profiling
Tumor Tissue or Whole Blood

TISSUE-BASED MOLECULAR PROFILING - MiTumor Sk Hybrid™ BLOOD-BASED MOLECULAR PROFILING - '
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Clinical Utility of Liquid Biopsies in Colorectal

Cancer

» Screening and Early Diagnosis

» Circulating Tumor Cells (CTC) and Circulating Endothelial Cell
Clusters (ECC)

» Circulating Tumor DNA (ctDNA)
« MicroRNAs (miRNASs)
» Long Non-Coding RNAs (IncRNAS)



Clinical Applications of ct-DNA/ Genomic Profiling
Tumor Informed Vs Naive

Screening

Patient directed care
screening method as

patients not willing to

qPCR Prognosis undergo colonoscopy

ddPCR Prognostic information

NGS on recurrence and
ctDNA to guide adjuvant
treatment

Treatment

Monitoring Repeat tumor
mutational profiling

Early prediction of
treatment response

Treatment
Guidance

Figure 1. Utility of circulating tumor DNA in the treatment of colorectal cancer.

MRD refers to persistent cancer after
treatment that cannot be detected with
current imaging tools (occult
metastatic disease)’

CtDNA dynamics can be used to
assess disease burden in real-time

Helps to inform treatment decisions
along the continuum of care




Clinical Utility of Liquid Biopsy ( Tumor
Naive)

« Liguid biopsy is a minimally invasive, cost efficient and repeatable
technigue
» Blood-based liguid biopsies are useful :
« Monitoring disease progression
« Treatment efficacy, Prognosis
« Acquired resistance to chemotherapy in CRC.
« Clonal Evolution
« The future will be to choose the most appropriate therapy based on

real-time genetic information through a liquid biopsy> Personalized
medicine.



Challenges and Limitations of Liquid Biopsy/

Tumor Naive

« Low amounts of ctDNA in samples

» Lack of pre-analytical and analytical consensus, clinical
valigation, regulatory endorsement and cost effectiveness

» Next-generation sequencing (NGS)-based technologies reduced
the error rate and enhanced sensitivity in ctDNA detection

« NGS included detection of genomic rearrangements:

« new mutations or alterations in genes
« The possibility of evaluation of response to treatment



Challenges and Limitations of Liquid

Biopsy/Tumor Naive

|CO"Precision Oncology

An American Society of Clinical Oncology Journd

OPEN ACCESS | st epoRTS | @ Q@ | Janary 8, 202 Xinf@o
Tumor-Informed Versus Plasma-Only Liquid Biopsy Assay in
a Patient With Multiple Primary Malignancies

Author: Pashtoon Murtaza Kasi, MD, MS U AUTHORS INFO & AFFILIATIONS




Benefit of Liquid Biopsy identifying clonal

evolution of metastatic CRC

» Hepatic metastases from CRC
may arise from polyclonal
seéding from the primary tumor.

« These data support the
Initiation of metastases by two
distinct clones from the primary
P in L1 and L2 of this patient.

» Radiation and chemotherapy >
do not alter the general scheme
of seeding models
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ESMO Journals Multimedia

ORIGINAL ARTICLE - Volume 35, Issue 12, P1105-1115 =
Comprehensive genomic profiling by liquid biopsy captures
tumor heterogeneity and identifies cancer vulnerabilities in
patients with RAS/BRAFY¢°°E wild-type metastatic colorectal
cancer in the CAPRI 2-GOIM trial

D. Ciardiello ¥* - L. Boscolo Bielo 3% - S. Napolitano 4- ... - F. Ciardiello & 4* & - G. Martini 4% on behalf

of the CAPRI-2 GOIM study group T... Show more

J

Baseline liquid biopsy-based CGP is feasible, has high concordance with tumor tissue-based CGP,

could better recapitulate tumor heterogeneity, and is clinically informative by identifying

additional actionable genomic alterations in approximately half of RAS/BRAFY6°°E W T mCRC

patients.



What is the Optimum Timing for

Molecular Profiling/NGS for CRC ??

» Farly Stage CRC:
 MMR status

« Do we need Full NGS ??
 Prognostic Indicators: Braf?

o Metastatic CRC

o At Presentation.: Anti-VGF Vs Anti-EGFR based Combination
« Tissue Testing for NGS

» Plasma -Liguid Biopsy/ Tumor Naive : Should it be standard??
» At Progression. Molecular Directed Rx

» Repeat Tissue Biopsy from the metastatic sites

» Liguid Biopsy/ NGS




Treatment Paradigm, Biomarker Directed

Previ xaliplatin- her with

irin n

Previ r with oxaliplatin and irin n

/| “FOLFIRV or irinotecan’

« FOLFIRI' + (bevacizumab®9 [preferred] or ziv-
aflibercept®’ or ramucirumab®r)

« Irinotecan' + (bevacizumab®9 [preferred] or
ziv-aflibercept®" or ramucirumab9:)

« If KRAS/NRAS/BRAF WTh:
» FOLFIRI' + (cetuximab or panitumumab)®S
» (Cetuximab or panitumumab)®® # irinotecan'

+» Biomarker-directed tharapy {sea Biomarker-
directed therapy)

« If KRAS/NRAS/BRAF WT:
» (Cetuximab or panitumumab)®* % irinotecan'

+ Biomarker-directed therapy (see Biomarker-
directed therapy)

* For disease that has progressed through all
available regimens:
» Fruquintinib
» Regorafenib
» Trifluridine + tipiracil * bevacizumab®
(bevacizumab combo preferred)

» Best supportive care (NCCN Guidelines for
Palliative Care)

Previous irinotecan-based therapy without
oxaliplatin

Previous therapy without oxaliplatin or irinotecan

« FOLFOXY or cAPEOXH
« FOLFOXY + bevacizumab®
*» CAPEOXY + bevacizumab®

« If KRAS/NRAS/BRAF WTM:
» FOLFOXY + (cetuximab or panitumumab)f
» CAPEOXY + (cetuximab or panitumumab)f
» (Cetuximab or panitumumab)’® * irinotecan!

» Biomarker-directed therapy (see Biomarker-
directed therapy)

« FOLFOXY or CAPEOXH

+ (FOLFOX or CAPEOX)Y + bevacizumab®

* FOLFIRI or irinotecan!

» (FOLFIRI or irinotecan)' + (bevacizumab®:9
[prefarred? or ziv-afliberceptd" or ramucirumabg")

- Irinotecan' + oxaliplatin * bevacizumab®

+ FOLFIRINOX®X % bevacizumab®

« If KRAS/NRAS/BRAF WTh:
» FOLFIRI™ + (cetuximab or panitumumab)®S
» (Cetuximab or panitumumab)®S # irinotecan’

+ Biomarker-directed tharapy {SB\B Biomarker-
directed therapy)

BRAF VE00E mutation positive
Encorafenib + (cetuximab or panitumumab

* HER2-amplified and RAS and BRAF WTf
» (Trastuzumab!' + [pertuzumab or lapatinib or
tucatinib])™

*» HER2-amplified {(IHC 3+)
» Fam-trastuzumab deruxtecan-nxki'

* KRA mutation positive
» (Sotorasib or adagrasib)V + (cetuximab or
panitumumab

* NTRK gene fusion-positive
» Entrectinib
» Larotrectinib
» Repotrectinib™

» RET gene fusion-positive
» Selpercatinib

Any line of therapy

Candidate for

immunotherapy Checkpoint inhibitor
and no prior immunotherapy *-¥Z
immunotherapy

received




First Line therapy for Left sided CRC
Ras - Directed Rx

2022 ASCO Annual Meeting Journal Of C|iﬂiCa| Onco‘ogyﬂ CURRED

Chicago, 6th June 2022 An American Saciety of Clinical Oncology Joumal

Modified FOLFOXIRI plus panitumumab (mFOLFOXIRI/PAN) versus mFOLFOX6/PAN

as initial treatment of patients with unresectable

RAS and BRAF wild-type metastatic colorectal cancer (mCRQ):

Results of the phase Il randomized TRIPLETE study by GONO. Meeting Abstract: 2022 ASCO Annual Meeting Il
Cremolini C, Rossini D, Lonardi S, Antoniotti C, Pietrantonio F, Marmorino F, Antonuzzo L, . , '
Boccaccino A, Randon G, Giommoni E, Pozzo C, Moretto R, De Grandis MC, Viola MG, FREE ACCESS GﬂStrUmtEStmal Cancer—C0|0recta\ and Aﬂa‘ June Usr 2022 X |n f ?0 E I]
Passardi A, Buonadonna A, Formica V, Aprile G, Boni L, Masi G

o — - = ) Panitumumab (PAN) plus mFOLFOXG versus bevacizumab
] (BEV) plus mFOLFOX® as first-line treatment in patients
with RAS wild-type (WT) metastatic colorectal cancer
(mCRC): Results from the phase 3 PARADIGM trial,

e Authors: Takayuki Yoshino, Jun Watanabe, Kohei Shitara, Hirofumi Yasu, Hisatsugu Ohori, Manabu Shiozawa, Kentaro Yamazaki,.. SHOWALL .., and Kei

Progression-Free Survival (%)

No. at risk (No. of cumulative censors):

Experimental group 218 (0) 181 (7) 114 (28) 73 (38) a3 (a3)




NGS

THE LANCET
Oncology

Thisjournal ~ Journals  Publish  Clinical  Globalhealth  Multimedia

Trastuzumab deruxtecan in patients with HER2-positive
advanced colorectal cancer (DESTINY-CRC02): primary results
from a multicentre, randomised, phase 2 trial

Kanwal Ragha, MD & & - Salvatore Siena, MD > - Atsuo Takashima, MD ® - Takeshi Kato, MD®-
Marc Van den Eynde, MD " Filippo Pietrantonio, MD® et al. Show more
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Biomarker Directed Therapy: CRC Genomic Profiling

Qverall Survival

Tucatinib + Median

Trastuzumab Events 0s 95% Cl

Cohorts A+B = 38/84 241 20.3, 36.7
| months |

51.3%

1 24 27 30 33 36 39 42 45 48 51 54

Time (Months)

Median follow-up for Cohorts A+B was 20.7 months (IQR, 11.7, 35.0)



Circulating Tumor DNA for MRD

Liquid Biopsies (ctDNA) in Clinic for Colorectal Cancer

® NGS-/panel-based platforms for assessment
of

« Ct-DNA techno[ogg represents an
e/_nerg/nlg tool in GI cancer
diagnostics to detect MRD

« Ct-DNA fragments harbor the same
somatic genomic alterations as a
patient’s tumor.

o Ct-DNA analysis Methods:
o PCR-based > Allele-specific assays

« Next-generation sequencing (NGS)-based
targeted and whole-genome approaches

« Methylation Analysis Epigenetic
Information




Risk Stratification and ACT:

ct-DNA tumor Informed as Biomarker?

» Do All Patients with stage II Colon Cancer benefits from adjuvant
Chemotherapy after Curative Surgery

« Could we select out patients with stage IIT who may be low risk and
tailor the need for ACT or even omit ACT

 For stage IV CRC Resected is there any additional benefit of ACT
 EORTC Controversies?

« There /s g great need to use ct-DNA to stratify who will benefit
from treatment for stage II , and/or De-escalation for stages III or
Vi




Stratification Clinicopathologic Risk Factors:

Good Enough ??

Clinical dilemma in CRC Stage Il

MMAED o ey

surgery alone

Who would benefit for

treatment escalation?
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Clinical dilemma in CRC Stage Ill
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DYNAMIC STUDY STAGE Il COLON CANCER

i NEW ENGLAND
JOURNAL ¢ MEDICINE

ESTABLISHED IN 1812 JUNE 16, 2022 VOL 386 NO.24

Circulating Tumor DNA Analysis Guiding Adjuvant Therapy
In Stage 11 Colon Cancer

Jeanne Tie, M.D, Josfua D. Conen, M.Phil, Kamel Lanouel, Pn.D., Serigne N. Lo, Ph.D.,

Yuuan Wang, M.D., Pn.D,, Suzanne Kosmider, M.B, B.S., Rachel Wong, M.B., B, Jeremy Snapiro, M.B., BS,

Margaret Lee, M.B., B.S., Sam Harris, M.B., B.S., Adnan Knattak, M.B.,B.S., Matthew Burge, M.8, BS,

ctDNA-Guided
Management
N=302
Oxaliplatin-Based

or Fluoropyrimidine
Chemotherapy

Positive
ctDNA Results

Standard
Management
N=153

Clinicopathological
Criteria




DYNAMIC STUDY STAGE Il COLON CANCER

* A lower percentage of patients 2-Year Recurrence-free Survival
in the ct-DNA guided group than B i oot e 8 5 ot o
in the standard-management 100 93.5% 92.4%
group received adjuvant 80

chemotherapy 15% vs. 28%

* In 2-year recurrence-free 40
survival—> ct-DNA-guided 20
management was noninferior to 0
ctDNA-Guided Standard
standard management Management Management
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DYNAMIC STUDY STAGE Il COLON CANCER

Recurrence Free Survival RFS with
Intervention _ _—_————~
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Challenges Tumor Naive ct DNA as MRD

Candidate Gene
qPCR
Digital PCR (i.e.
Beaming/ddPCR)

Tumour informed

NRG-GI005 (COBRA) Study Schema

l NGS

Targeted gene panels
Plasma-only Whole exome
Whole Genome
Methylome



NRG-GI005 (COBRA) Study Schema

Resected stage IlIA colon cancer for which the physician decides no adjuvant
chemotherapy (i.e., “suitable for active surveillance”)

4/\

;Arm 2

Arm 1

Standard of care Assay-directed therapy
(active surveillance) l 1

All patients were followed with ctDNA detected ctDNA NOT detected
radiographic restaging
assessments every 6 months. | chemotherapy (MFOLFOX6 Active surveillance
or CAPOX) x 6 months

Abstract 433174: NRG-GI005 (COBRA)



Phase Il Endpoint Analysis:
ctDNA(+) baseline participants

ctDNA clearance

43% vs 11%
Among 596 participants with baseline ctDNA status available, ctDNA(+) detection ° °
was observed in 33 (5.54%). )
one-sided p= .98

Arm 1: Surveillance

16 participants with 7 participants
“ctDNA detected”
status at baseline

-
(=2 0 o
o o o
| | |

Arm 2: Chemotherapy
9 participants

ctDNA clearance (%)

Clearance of ctDNA at 6 months among ctDNA(+) participants at baseline was
observed in:

« Arm 1 (surveillance): 3 of 7 (43%, 95% CI 10 - 82%) participants

« Arm 2 (chemotherapy): 1 of 9 patients (11%, 95% CI 0.3 - 48%) participag

Because the 1-sided Fisher’s Exact Test yields p = 0.98 exceeded 0.35,
not rejected, and the decision rule calls for early stopping due to futility.

NRG Abstract 433174: NRG-GI005 (COBRA)




ASCO Gastrointestinal

Cancers Symposium > Japan

Association of circulating tumor DNA dynamics with
clinical outcomes in the adjuvant setting for patients

with colorectal cancer from an observational GALAXY
study in CIRCULATE-Japan

Masahito Kotaka Gastrointestinal Cancer Center, Sano Hospital, Kobe, Japan

Co-authors; Hiromichi Shirasu, Jun Watanabe, Kentaro Yamazaki, Keiji Hirata, Naoya Akazawa, Nobuhisa Matsuhashi,
Mitsuru Yokota, Masataka |keda, Kentaro Kato, Alexey Aleshin, Shruti Sharma, Daisuke Kotani, Eiji Oki,
Ichiro Takemasa, Takeshi Kato, Yoshiaki Nakamura, Hiroya Taniguchi, Masaki Mori, Takayuki Yoshino

On behalf of the CIRCULATE-Japan Investigators




GLAXY Study in CIRCULATE Japan

Gl ASCO 2022

DFS by post-op-4w ctDNA status in overall population (pStage I-IV) DFS by pStage in post-op-4w ctDNA positive population

9%  High-risk pStage Il % pStage % pStage IV

— Negave —— WIOACT
— Positive

80 - 80
60 - 60

404

NDFS  1ZHOFS Adjusted HR = 9.4 4 Adjusted HR = 8.8 Adjusted HR = 2.4

1) HR= 109 95%C1, 1110 79.4,P=004 o 95%Cl, 3910 19.5,Pe0.001 o 95%Cl1.1105.2,P=002
96.5% 92.7% . T ' T T T T T

f |
Negathe S22 ogngrs) (004-045) 95% Cl, 7.8 to 15.4, P<0.001 6 2 18 0 6 2?18 0 5 5 18
628%  475% sensitivity for recurrence, 63.6% Numberatrisk ~ Months after surgery Months after surgery Months after surgery
el WACT 9 9 30 6 58 20 2 1 40
é 1|2 1I8 W/IOACT 13 7 1 0 25 8 2 0 46 13 1 0
6M-DFS  12M.DFS G6MDFS  12M-DFS B WDFS  120KDFS

Months after surgery i EventsN

c¢tDNA  EventsiN

Positive 911188

Median follow-up time: 11.4 months (95%CI)  (95%Cl) (95%C)  (95%CI) (95%CI)  (95%CI)

; Data cutoff: Nov 19, 2021 100% 8.9 89.2% 683 0% 537%
Number at risk WACT 18 o) wazseey AT B peran pasry VAT 2 0ieen osens

Negative 852 822 310 1 5% 462 0% A0 2% 2
Pesifie 168 118 % 0 WOKT T ngen) gooson  MONT M2 5oy oty WOKT ¥ oy masy)

DFS, disease-free survival: HR, hazard ratio; C!, confidential interval DFS curve was estimated by the Kaplan-Meier method. HR and 95%Cl were calculated by the Cox proportional hazard model. HR was adjusted by sex, and performance status. ACT, adjuvant chemotherapy; DFS, isease-fee survival; R, hazard rati; C, confidental iterval,
DFS curve was estimated by the Kaplan-Meier method. HR and 95%CI were calculated by the Cox proportional hazard model.




MD Anderson | NRG SWOGQ

ONCOLOGY

: Leading cancer research. Together.
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Ongoing Trials ct DNA in Stage IV CRC

OPTIMISE: OPTIMIzation of Treatment SElection and Follow up in Oligometastatic Colorectal
Cancer - NCT04680260

Pl Karen-Lise Garm Spindler, Aarhus University Hospital, Aarhus, Denmark

Compares: ctDNA Guided vs Standard-of-Care treatment

ctDNA-Directed Post-Hepatectomy Chemotherapy for Patients With Resectable Colorectal
Liver Metastases - NCT05062317

Pl Timothy Newhook, M.D. Anderson Cancer Center, Houston, Texas, USA

Compares: Arm 1: ctDNA-low risk (Leucovorin + Capecitabine) versus
Arm 2: ctDNA-high risk (FOLFOX or FOLFIRI with/without bevacizumab)
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Emerging evidence supports tumor tissue-based comprehensive genomic profiling (CGP) in
metastatic colorectal cancer (mCRC).

Data on liguid biopsy-based circulating tumor DNA (ctDNA) CGP are scarce and mainly
retrospective.

Prospective comparison between the two tests is not currently available.

Identification of actionable mutations to direct targeted therapy should be used in routine clinical
practice

Genomic Profiling for met CRC is crucial not only for First line therapy , but as Biomarker directed
therapy for selected patients

Tumor informed testing future role as MRD to tailor adjuvant therapy after curative resection.

However, Tumor Naive assay for met CRC may have crucial role in the absence of tissue, identifying
clonal evolution and resistance to the recommended therapy
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